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Switzerland

Department of General Practice
Academic Medical Center
Amsterdam Center for Health and Health Care Research (AmCOGG)
Meibergdreef 15
1105 AZ Amsterdam
The Netherlands

Objective: The objective was to develop and test search strategies to
identify diagnostic articles recorded on EMBASE.

Methods: Four general medical journals were hand searched for
diagnostic accuracy studies published in 1999. Identified studies served
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as a gold standard. Candidate terms for search strategies were
identified using a word-frequency analysis of their abstracts. According
to the frequency of identified terms, searches were run for each term
independently. Sensitivity, precision, and number needed to read
(NNR) (1/precision) of every candidate term were calculated. Terms
with the highest ‘‘sensitivity*precision’’ product were used as free-text
terms and combined into a final strategy using the Boolean operator
‘‘OR.’’

Results: The most frequently occurring eight terms (sensitiv* or detect*
or accura* or specific* or reliab* or positive or negative or diagnos*)
produced a sensitivity of 100% (95% confidence interval [CI] 94.1 to
100%) and an NNR of 27 (95% CI 21.0 to 34.8). The combination of the
two truncated terms sensitiv* or detect* gave a sensitivity of 73.8%
(95% CI 60.9 to 84.2%) and an NNR of 5.7 (95% CI 4.4 to 7.6).

Conclusions: The identified search terms offer the choice of either
reasonably sensitive or precise search strategies for the detection of
diagnostic accuracy studies in EMBASE. The terms are useful both for
busy health care professionals who value precision and for reviewers
who value sensitivity.

INTRODUCTION

When producing systematic reviews, researchers
should try to identify as much empirical evidence as
possible to inform the review question. Usually, the
major biomedical databases such as MEDLINE and
EMBASE are the starting points when trying to iden-
tify this evidence. However, information retrieval in
such databases can become very time consuming be-
cause searches usually identify many irrelevant articles
(low retrieval precision). In recent years, researchers
have adopted various approaches to the development
of search strategies to identify different types of stud-
ies (therapy, prognosis, diagnosis, and etiology) and
different study designs [1–5]. Search strategies to iden-
tify diagnostic studies have also been developed [6–9].

For example, in 1994, Haynes and coworkers pub-
lished a MEDLINE search filter for diagnosis [10],
which is now publicly available in PubMed (Clinical
Queries) [11]. However, differences in indexing ham-
pered the straightforward use of this filter in EMBASE
[12]. For example, the suggested MEDLINE Medical
Subject Headings (MeSH) term ‘‘Sensitivity and Spec-
ificity’’ was only entered into the EMBASE EMTREE
thesaurus in 2001. Alternatively, EMTREE provides the
controlled vocabulary term ‘‘diagnostic accuracy.’’ The
authors developed and tested search strategies to iden-
tify diagnostic articles recorded on EMBASE.

METHODS

One reviewer (Kronenberg) hand searched all issues
published in 1999 of the New England Journal of Medi-
cine, The Lancet, JAMA, and British Medical Journal
(BMJ). The journals used in this study are indexed cov-
er to cover in EMBASE. An article was deemed to be
about diagnostic accuracy if at least one test was com-

pared with a reference standard. A test was defined
as any procedure used to change the estimate of the
likelihood of disease presence. This definition included
history taking, physical exam, and more advanced
tests. All references of diagnostic studies identified
(gold standard) were stored in a Reference Manager
file.* Articles that were not diagnostic studies were ex-
cluded.

The result of the hand search was assumed to be
perfect and reflected the true number of diagnostic ac-
curacy studies in our total set or universe. The chal-
lenge for any automated search is to find all the ref-
erences to accuracy studies (100% sensitivity) and at
the same time not to find references to any other stud-
ies (100% specificity).

To assess the reproducibility of the hand search, a
second reviewer (Bachmann) independently duplicat-
ed the hand search in a randomly selected 10% of all
issues. The 10% sample was determined by numbering
all references in the four journals sequentially, and 10%
of references were then randomly selected using the
Statistix software.†

The gold standard references were identified in EM-
BASE (Datastar version) using the accession number,
a unique identifier for a specific record. A strategy
combining all accession numbers using the Boolean
connector ‘‘OR’’ was saved. Thus, a search in EMBASE
would uniquely identify the gold standard references.
The number of references in EMBASE was reduced to
the subset of all references (6,143) that were published
in the four chosen journals in 1999 to proxy a ‘‘uni-
verse’’ of searchable articles.

* Information about Reference Manager 9.5, used in this study, may
be viewed at http://www.refman.com.
† Information about Statistix 7, used in this study, may be viewed
at http://www.statistix.com.
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Table 1
Example of term frequencies for the letter ‘‘d’’ as provided by the
List Index function

Frequency
Location in

abstract Term

2
2
1
3
1
1
1
1
1
1

Keyword3
Abstract
Keyword3
Abstract
Abstract
Keyword1
Keyword3
Abstract
Author
Institution

differential
differential
differentiation
difficult
diffuse
digene
dilatation
dilatation
dilaveris
dim

1
1
1
1
1
4
1
1
1
1

Keyword3
Abstract
Keyword3
Abstract
Author
Abstract
Abstract
Abstract
Title
Abstract

dimensional
dimensional
dimer
dimer
dipiro
direct
directed
directive
directives
directives

4
1
1
2
1
1
1
1
1
1

Abstract
Title
Keyword3
Abstract
Abstract
Abstract
Abstract
Keyword3
Abstract
Abstract

directly
disability
disability
disability
discharge
discomfort
discrepancy
discriminant
discriminant
discriminate

1
1
1
7

16
17
2
3

15
1

Abstract
Abstract
Abstract
Title
Keyword3
Abstract
Title
Abstract
SubjectHeading
Keyword3

discriminated
discriminating
discrimination
disease
disease
disease
diseases
diseases
diseases
dislocation

1
4
4
2
3

Abstract
Keyword3
Abstract
Title
Abstract

dislocation
disorder
disorder
disorders
disorders

1
1
1
2
1
1
1
6
1
1

Abstract
Abstract
Abstract
Abstract
Abstract
Abstract
Institution
Institution
Institution
Abstract

display
distinct
distinguish
distinguished
distribution
disturbance
div
division
dk
dl

3
1
4
4
1
1
1
1
1

Title
RegNo
Keyword3
Abstract
Author
Author
Author
Abstract
Abstract

dna
dna
dna
dna
dobbins
doble
dobs
doctor
donation

1
1
1
1
1
1

Title
Abstract
Keyword3
Abstract
Institution
Abstract

donations
donations
donor
donor
donor
donors

1
1
1
2
2
1

Title
Keyword3
Title
Keyword3
Abstract
Institution

doping
doping
doppler
doppler
doppler
dor

Table 1
Continued

Frequency
Location in

abstract Term

1
2
1
1

Author
Keyword3
Abstract
Abstract

dore
dose
dose
double

1
1
1
1
1
1
1
1
1
1

Author
Title
Keyword3
Abstract
Institution
Abstract
Author
Abstract
Keyword3
SubjectHeading

douglas
down
down
down
dr
drawn
drewe
dried
drug
drug

1
1
1
1
1

Abstract
Abstract
Institution
Author
Keyword3

drugs
dtp
du
duarte
duct

1
2
1
1
1
1
1
1
1
2

Abstract
Abstract
Author
Author
Author
Institution
Keyword3
Title
Abstract
Abstract

ductal
due
duffy
duggan
dunn
dunstans
dura
dural
dural
duration

1
1
1
8
1
1
2
1
2
1

Author
Author
Title
Abstract
Abstract
Title
Abstract
Keyword3
Abstract
Keyword3

durfee
durie
during
during
dvt
dysfunction
dysfunction
dyskaryosis
dyskaryosis
dyspepsia

1
1

Abstract
Keyword3

dyspepsia
dyspnea

Because our primary aim was to define a search
strategy using the offered thesaurus terms, we ran a
first search with the EMTREE thesaurus term ‘‘Diag-
nostic Accuracy.’’ This term was considered an equiv-
alent of the MEDLINE term ‘‘Sensitivity and Specific-
ity’’ by the authors. This search identified 94% of the
gold standard studies but was also associated with a
low precision of 4.2%. Because further terms added to
this EMTREE term would increase the sensitivity but
would also further decrease precision, this preliminary
finding suggested that we explore the effects focusing
only on text words.

Realizing that the identification of relevant text
words might be subjective and be associated with sub-
stantial risk of bias, we decided to apply the method
of Boynton and coworkers [13] who selected poten-
tially useful text words through the process of word
frequency analysis.

We performed the frequency analysis of the occur-
rence of each word in each reference using the Idealist
bibliographic software package.‡ The ListIndex func-

‡ Information about Blackwell Idealist, used in this study, may be
viewed at http://www.blackwell-science.com/Products/IDEALIST/
DEFAULT.HTM.
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Table 2
List of twenty-three (truncated) terms with corresponding sensitivities
and precisions if searched as a single term

Term (truncated) Sensitivity (%) Precision (%)

diagnos*
detect*
test*
accura*
control*
analy*
sensitiv*
specific
measure*
screen*
high*

93.44
57.38
52.46
50.82
49.18
47.54
45.90
44.26
42.62
40.98
40.98

4.40
19.66
7.80

21.38
2.44
2.85

27.72
12.56
4.18
8.93
3.65

assess*
positive
risk
interpretation*
identif*
normal
negative
predict*
examination*
determine
reliab*

39.34
34.43
34.43
31.15
27.87
27.87
26.23
26.23
18.03
18.03
16.39

4.17
13.13
1.93
5.94
6.25
5.94

16.00
9.52
8.09
4.82

29.41

tion in the software was used to determine the fre-
quency of occurrence of all the words in the titles, ab-
stracts, and subject index. An example for words start-
ing with the letter ‘‘d’’ is provided in Table 1.

The list was transferred to a Microsoft Excel file. To
specifically select terms semantically associated with
diagnostic accuracy, two reviewers (Estermann and
Bachmann) excluded numbers, single letters, author
names and institutions, register numbers, and journal
names. Terms were also excluded if they were general
medical language, for example, organ names or dis-
eases, population of interest, or the word ‘‘study.’’ We
considered these words not helpful in focusing a
search on diagnostic accuracy studies. If the two re-
viewers disagreed on excluding a term, it was includ-
ed. All included expressions were sorted alphabetical-
ly.

If terms differed only in the ending (e.g., diagnosis,
diagnose, diagnostic, diagnostics), we decided to use
the truncated term (e.g., ‘‘diagnos*’’). According to the
frequency of the identified most-frequent (truncated)
terms, twenty-three searches were run for each term
independently (Table 2). Sensitivity (retrieved articles
as a proportion of all gold standard diagnostic arti-
cles), precision (gold standard diagnostic articles as a
proportion of all retrieved articles), and number need-
ed to read (NNR 5 1/precision) of each text word
were then calculated. Sensitivity is the number of elec-
tronically retrieved citations as a proportion of the
number of truly relevant full papers (or diagnostic ac-
curacy studies in this paper). The term is often used
in medical research on diagnostic tests where it re-
flects the proportion of persons with a non-normal test
result among all patients with some target disease as
established by a gold standard reference test. Precision
is the number of relevant full papers as a proportion
of the number of electronically retrieved citations. In a
clinical context, this quantity is often called ‘‘positive

predictive value,’’ the proportion of persons with the
target disease among persons with a non-normal test
result. In addition, we coined the term NNR as an
analogy to the number needed to treat (NNT) to de-
scribe the number of irrelevant references that have to
be screened to find one of relevance. The NNR refers
to the number of titles or abstracts necessary to read
and ponder to find a reference to another relevant
study in the set of retrieved references.

Next, the product of sensitivity and precision was
computed for each of the text words. We decided to
calculate this figure because we wanted to identify
those terms most balanced for sensitivity and preci-
sion. We thought that only terms contributing both to
sensitivity and to precision were useful in building an
efficient strategy.

The ten terms with the highest sensitivity-precision
product were combined using ‘‘OR’’ to produce a se-
ries of search strategies. The sensitivities and preci-
sions of these cumulative search strategies were then
calculated.

RESULTS

The hand searches identified sixty-one articles (gold
standard) as citations of a diagnostic accuracy study
from a pool of 6,143 references in the four selected
journals. We assumed these sixty-one citations to be
the true number of diagnostic papers in the set of 6,143
references. The twenty-three truncated terms with the
highest frequency according to the ListIndex function
(Idealist) are listed in Table 3. The term ‘‘low’’ was re-
moved because it is part of many author names.

The calculation of the sensitivity-precision products
led to a new order of terms. The consecutive connec-
tion of these terms with the Boolean operator ‘‘OR’’
produced the final set of search strategies. Their per-
formance is shown in Table 3.

After the addition of the term ‘‘diagnos*,’’ the sen-
sitivity in our test set reached 100%. Every additional
term then only produced a decrease of retrieval pre-
cision. The combination of the first six terms resulted
in a sensitivity of 91.8% (95% confidence interval [CI]
81.9 to 97.3%) and an NNR of 10.9 (95% CI 8.5 to 14.3).
That is, almost eleven articles have to be read to iden-
tify one on diagnostic accuracy. This strategy seemed
to be a good compromise with a high sensitivity and
a reasonable precision.

By adding the two terms ‘‘negative’’ and the trun-
cated expression diagnos* to search strategy 6, sensi-
tivity reaches 100% (95% CI 94.1 to 100%) and an NNR
of twenty-seven (95% CI 21.0 to 34.8). This strategy
could be appropriate for systematic reviews.

The combination of the two truncated terms sensi-
tiv* or detect* resulted in a sensitivity of 73.8% (95%
CI 60.9 to 84.2%) and a NNR of 5.7 (95% CI 4.4 to 7.6).
This latter strategy might be useful for busy clinicians,
who may be interested in achieving reasonable sensi-
tivity while avoiding sifting through hundreds of pa-
pers.

Figure 1 provides the detailed search strategies for
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Table 3
Development of eight search strategies with stepwise adding of terms

Ranking Added terms Search strategy

Summary
performance

sensitivity (%)

Summary
performance
precision (%)

Number
needed to
read (NNR)

1
2
3
4
5
6
7
8

sensitiv*
detect*
accura*
specific*
reliab*
positive
negative
diagnos*

Strategy: sensitiv*
Strategy: 1 or detect*
Strategy: 2 or accura*
Strategy: 3 or specific*
Strategy: 4 or reliab*
Strategy: 5 or positive
Strategy: 6 or negative
Strategy: 7 or diagnos*

45.9
73.7
85.2
86.9
90.2
91.8
91.8

100.0

27.7
17.6
14.2
10.4
10.4
9.2
8.5
3.7

3.6
5.7
7.0
9.6
9.6

10.9
11.8
27.0

Terms were ranked according to their sensitivity*precision product. The number needed to read figure shows how many articles have to be read to identify one
on diagnostic accuracy and is equivalent to 1/precision.

Figure 1
Description of search strategy syntax for three commonly used
interfaces

EMBASE
interface

Search syntax

Specific search Comprehensive search

Datastar sensitiv$ detect$ sensitiv$ detect$ accura$ specific$
reliab$ positive negative diagnos$

Ovid sensitiv$ or detect$ sensitiv$ or detect$ or accura$ or
specific$ or reliab$ or positive or
negative diagnos$ or di.fs.

SilverPlatter sensitiv* or detect* sensitiv* or detect* or accura* or
specific* reliab* or positive or negative
diagnos*

three commonly used EMBASE interfaces for a rea-
sonably precise and a comprehensive search strategy.

DISCUSSION

In contrast to Haynes and coworkers [14], we included
diagnostic articles published in the comment, corre-
spondence, and editorial sections to increase the like-
lihood of estimating precision correctly. Additionally,
we focused on the most relevant indices, that is, sen-
sitivity and precision, ignoring the less useful param-
eters of specificity and accuracy. In contrast to Haynes
and coworkers [15], we did not find any advantage of
combining EMTREE terms with text words.

For example, a search with the EMTREE term ‘‘DI-
AGNOSIS # (explode)’’ achieved 93.7% sensitivity and
4.0% precision (NNR 5 25). The addition of text words
with the Boolean operator ‘‘OR’’ would increase the
sensitivity but at the cost of worse precision. In our
search strategy, however, searches with sensitivities of
about 90% were associated with precision of about
10%.

Our aim was to build useful search strategies for
systematic reviews requiring very high sensitivity. The
precision of search strategies, however, is important
for busy health professionals but cannot be fully ne-
glected in systematic reviews either. Search strategies
should be evaluated in a context of time investments
(cost) and consequences (of missing useful papers)
[16]. In analogy to the assessment of the impact of

language restrictions on summary measures in sys-
tematic reviews [17], the impact of using search strat-
egies with lower sensitivity and higher precision on
the summary measures in diagnostic reviews could be
evaluated. Finally, this method could be applied to
build optimal search strategies to detect diagnostic ac-
curacy research for MEDLINE.

In our study, we hand searched four important gen-
eral medical journals for the year 1999 to find diag-
nostic studies. The restriction to four important gen-
eral medical journals might limit the generalizability
of the search strategy. The restriction to 1999 was re-
flected in the width of the confidence intervals for sen-
sitivity. We did not measure the test/retest reliability
of our final strategies. Independent reassessment of the
search performances in another set of gold standard
articles would be useful.

Some terms such as ‘‘low’’ had to be removed from
further analysis. Had we been able to analyze fre-
quencies not by words, but by phrase, we would have
been able to identify the proportion of those terms that
were used in the diagnostic context (e.g., low accura-
cy). Including those terms could have been potentially
relevant for the filter.

CONCLUSION

The identified search terms allow the choice of either
reasonably sensitive or reasonably precise search strat-
egies for the detection of diagnostic accuracy studies
in EMBASE. This strategy is useful both for busy
health care professionals who value precision and for
reviewers who value sensitivity. In practice, clinicians
combine the strategies proposed here with terms in-
dicating the specific area of interest, very often a par-
ticular disease.
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